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Encircling rotating field eddy current non-destructive evaluation system
with concentrated excitation windings

Yin Xiaokang, Yang Ligiang, Wang Wei, Gu Zhuoyong, Li Wei
(School of Mechanical and Electronic Engineering, China University of Petroleum ( East China) , Qingdao 266580, China)

Abstract : This article proposes a new probe design with concentrated windings that can be easily opened and closed. The external
inspection of pipes is realized, which is based on the principle of rotating electromagnetic field eddy current. Through the finite element
(FE) model constructed in COMSOL, the characteristics of the rotating magnetic field generated by the concentrated winding and the
influence of various parameters of the receiving coil on the detection effect are studied. Simulation results show that the concentrated
winding can generate a rotating electromagnetic field that can be used to achieve defect detection on the outer wall of the pipeline. The
pick-up of the distorted signal can be realized in a better way by utilizing the circular coil which has many turns and is close to the outer
wall of the pipe and at the end of the excitation coil. An encircling rotating field eddy current ( RoFEC) non-destructive evaluation
system with concentrated excitation windings is established to achieve the detection of 0. 5 mm wide circumferential and axial cracks. The
ability of the system for identifying cracks at different depths is tested. Cracks located at different positions on the outer wall of the
pipeline from 0 to 90° are used to verify the ability of the detection system to determine the circumferential location of the defect. Results
show that the developed system can detect crack of arbitrary direction and locate its circumferential location, which provides a new
approach for the external detection of tubular components such as coiled tubes.
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Fig. 1 Schematic of rotating electromagnetic field

eddy current (RoFEC) detection technique
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Fig.2 Encircling RoFEC probe with concentrated windings
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Fig.3 The encircling probe model with the circular receiving coil
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Table 1 Some parameters of the excitation coil
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Fig.4 The model with concentrated windings
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Table 2 Other parameters of the excitation coil
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Table 3 Parameters of the receiver coil
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Table 4 Parameters of the metal pipe
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Table 5 Defect parameters
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Table 6 Material properties
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Fig.5 Eddy current changes when the rotating field

across the defect
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Fig. 6 Characteristic signal of defect
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2) R P e A X A 245 2R 1 5 i

BRGSO B A A2 X 8 Sk A 45 2R ) S 0], A
UL P T U84 il 2 VB A P ¥ R S M P AR 0 43 i vt 22 i
LT T SEALHESE . IR 9 FR  WIN TR &
(W42l 3.3 cm 8K F] 3.7 em) |, IR UCZE P
SR e NP S A I N EREF 0] I ERIR Y B
KRE WA LB CER AR (N 6.7 em 1 K3
10. 5 em) A2 2k PR LR AR 5 A9 IR (BB 22 0/ 7
FEWCAR VB 1A W Tl 2k P G2 2 AR ) J i A
S MRAELR B AR, I W 2 B 58 s T 98 il 4k Pl 8 2 4
o D5 E 7R A R 5 4 A BE R AT AR 375 5 R A PR
ARV B BB 8 38l 2 Pl BB P 3 5 R B A, A L 1Y
E RTINS

1.6¢

14 et

1.2 §
B

1.0 i

REAIAARAA

=000 R LILILILIL)

[
b4 d

S aoinsin

wn

0.8

R AR SR/ V

0.6
0.4

0.2
- i
0= %5 10 15 20

HHiK

Ko Rk A feim

Fig.9 The influence of receiving coil radius change
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detection system
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Fig. 15 The structure of the encircling probe with the

circular receiving coil
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Fig. 17 Detection system centering device
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Fig. 18 Rotating electromagnetic field non-destructive testing

system test platform
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(a) Longitudinal crack
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(b) Lateral crack
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Fig. 19 The physical object of the metal tube test piece
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Fig.20 Comparison of voltage signals of transverse
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and longitudinal cracks
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Fig.21 Specimens with different defects at different depths
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Fig.22  Characteristic signals of different defects
at different depths

3) 2 1M 2L BB JE] 1] 2 A R 7 Ak

KRR & ZRGEx 4 SR A SIMEE R ) JE] 1] 2 7 B
71, %F 0° ~90° JE] 1] 43 i 11 ] PN 19 24 S50 Bl o 14T T ARG
(oA 45 H1 BE & n] A 2 2% 0 B A RE 4 51 R 0,
15° .30° .45° ,60° ,75°F1 90°) , i & 455 T WA 23 fix
BRI A . T I AR X S il 28 B Y o B AN T TR —
T B T A ) Ji] o) Ao 2 e 3550 580 T 42 T 4 By JR I
55 B S S R R R AN R R, A&l 23 (a) A1 (D)
FE7R (RPECHE AT U0 — AR Ab B ) o SEFRAE 5 R 3 A5
SEG R T B A5, T2 ) S R R RS

0.20

HLEAS 5 523 /mV
=1 [=) o
S =5 =
M
P
G
Ll

0
00% 100 200 300 400 500 600 700
(a) % F0 BEREUR B SLIBAE 5

(a) Real part signal of crack defect at each angle
0.05

0

A

0.04 — 5

{ i -

0.03 / 7& 0

HUEAS 5 B /mV

-0.01

0 100 200 300 400 500 600 700
REEDH
(b) B RABIEERE T

(b) Imaginary part signal of crack defect at each angle

(c) Crack defect impedance diagram at various angles

K23 A [RIBRFE AR AR 5

Fig.23  Characteristic signals of defects with different angles

A B A I 2k PN, HL T MR (5 A Y 25 S
HAARFR I N7 B — (9 S0/ M AR A5 5 v, A2 9 R/ 7
Ii) 5 HE T BRI ) 35 5 728 A, S SR P el TR
5 PR AN A1 RS TG vk AT B O PR G B e e, 5 i 2R
Ak B SR AR R KR A 5 B0 A 17 A A 8 O 0 ) B
PUHNZR K920 R 0 2 i 6 BTV 1o ] v, ml 42 80 BHL
POV TP RRAE 2R, W& 23 () B, H AR S B
B AR A T3 BT PO 5 Y R R 0 i % 1 B8 I ke
BRI A 107 B, 2 TR AR G T LA RO H R Y
FREARAL , (FURE AR R e B0 R ) TR BT A2 A, 1 e 25
TEALBTTE , 7 EAR A R B AR M R AL

4 4 &

BEXT A <5 A AR B T AU I -B2 AR 1) 52 Bt >R
A BIERR R, A SCHR il 4 s gR Ll 5 (80T &
AT RSk BT, S B T e e v 37 o L D B ) 4
SIS, BT AR 1 5 A SE L B e e v i S T i
TCAGAGIN H2 A v i 6 R P 5 B A 2 SR Ak RS AR
LB 5 ACKM BT B8 UG AL 1 HL 8 W ARG 5
AR B 1) 4 A LR B ORI R B A R AR S R
LA ) A A R B, A B R I S D SR
PRIER, b 4 A R Rk A TS D B A — M AT 2 A
RS . AR SGE AT BRITA TR T He i 4 el %
TS HON AR B R0, A T AT R 5, XL T4
EHNEERAN R 1) AR RS AR L B (Y 2R EHEAT TG
M, FELGEWT .

1) 2P SE A I BT HEEAR K AE A B 1 T T4
B3 A A B SR B G S PRt oK, AT BROT ELAS
R Ao X h SR AL AT LA™ A — A AT LAY U % Y 1
AL TEY | 2 R RS AR 3% B A e TR H SRR R L, 1
T4 AR A A T ) A T R B AT O K A BRI 3 I A e



510 1 FRIERRE 45 : A0 2 AR P SR LA B v R 08 U T A D 2R 22 249
AR PET A SR (6] MBiEk, MICE, mihsl, & TR iR

2) B[RS LR P m] AR Dy ey A A RO B, A AR H A%
7 15 BT B IR FL LB 1) AL

A BRICH B R

W, TR 2 | S 3N A 3 & N BE 57 T 8 4 9 o0 )
2 Pl T BE A AR

3) i g 4k o XA h SE L U
FoUASE I 28 8 )Xot o fia) 1Al 1) ¢ 20

WE TS B R 3750 TG
AT 3R, BH B

TAT P PR RFAE pib 2 AT S W e B 1) R 38 R G A A1 BE J i £

Bl S A T TR P 5T A B SRR Y

KRS e,

5% 3Lk

[ 1] 5k, 225, B0, 55 &8 E8 sk FaE i ks
WiE-mE R[], TRk, 2019, 41(10) .
37-43.

ZHANG CH, LI Y, YAN B, et al. Evaluation of
corrosion in double-casing pipes via near-and remote-field
pulsed eddy current hybrid testing [ J]. Nondestructive
Testing, 2019, 41(10) . 37-43.

, H AT FE T i I 4 A T R S e
L?ZEEIJFTE? [J]. W7 0 5 A 27 4, 2019,
33(2): 80-87.

XU ZH Y, XIAO Q. Outside inspection and quantitative

evaluation of pipe defects based on pulsed remote field

/\n_,\

eddy currents[ J]. Journal of Electronic Measurement and
Instrumentation, 2019, 33(2) . 80-87.

JETER, WY, CRAE, S BRBETEAL R B EE 0 ko iR
AT T [T]. AR =4, 2017, 38(6) :
1498-1505.

ZHOU D Q, PAN M, CHANG X,

detection modes of ferromagnetic component defects using

et al. Research on
pulsed eddy current [ J]. Chinese Journal of Scientific
Instrument, 2017, 38(6) ; 1498-1505.

PR, PRES, FMIR, 55 A IE Sk B A A
BHAEG R LB [ 1], AR R 2R, 2017,
38(5): 1119-1125.

XU ZH Y, LIN ZH P, YUAN X M,

remote field eddy current probe for defect detection at

et al. External

pipe elbows [ J ]. Chinese Journal of Scientific
Instrument, 2017, 38(5): 1119-1125.

WIRT , fALan, rBE, S — ROl LA ) i O 39
Rk BOHAE /MR SRR I A S [T ]. HUAR TR
2#4%, 2021, 57(12) ; 109-117.
YANG Q N, XIE SH J, HE K,

circumferential eccentric eddy current probe and its

A Novel

et al.

application in defect detection of small-diameter

tubes[ J].
57(12) .

Journal of Mechanical Engineering, 2021,
109-117.

[8]

(9]

[10]

[11]

PR BLE BB AG I I B [T ].
41(10) : 196-203.

YANG L J, ZHENG W X, GAO S W, et al. Steel plate
method

1AL R 247, 2020,

crack defect detection based on balanced
electromagnetic technology [ J ]. Chinese Journal of
Scientific Instrument, 2020, 41(10) ; 196-203.

IhE, AR BRI R A Tk e i AT A AR
PRI T]. W0 5 R, 2019, 33(7)
137-144.

MA H, ZOU J H. Pulsed eddy current infrared thermal
imaging detection of internal defects of iron
components[ J]. Journal of Electronic Measurement and
Instrumentation, 2019, 33(7) . 137-144.

M, BT, e, S BRREA1F N A SR AL
AR AT I EAR BT [J]. AR 4], 2016,
37(8) . 1808-1817.

JIAO J P, CHANG Y, LI G H,

frequency AC magnetic flux leakage detection for internal

et al. Study on low

and external cracks of ferromagnetic structures [ J ].
Chinese Journal of Scientific Instrument, 2016, 37(8) .
1808-1817.

FHE, A, BRIERE, . HET ACFM i GO
BEMA RN RSO T AL E A TTIEREFE [T ], PUBR TR
i, 2020, 56(10) ; 27-33.

YUAN X AN, LI W, YIN X K,
reconstruction of irregular crack in austenitic stainless
steel based on ACFM technique [ J ].
Mechanical Engineering, 2020, 56(10) ; 27-33.

LIU T, PEI C, CAI R, et al. A flexible and noncontact

et al. Visual

Journal of

guided-wave transducer based on coils-only EMAT for
pipe inspection[ J]. Sensors and Actuators A: Physical,
2020, 314, 112213.

BT, AR, XA, SE A TE S BRI
ARWEGEHE R S e B[], Abmt Tk K224, 2018,
44(5) ;. 641-657.

LIZM, HE CF, LIU Z H, et al. Research progress and
prospects of circumferential guided waves inspection
technique in pipes[ J]. Journal of Beijing University of
Technology, 2018, 44(5) ; 641-657.

XIN J, LEI N, UDPA L,
inspection using rotating magnetic
probe [ J ].
47(5) : 1070-1073.

YE C, HUANG Y, UDPA L, et al.
measurement with rotating current excitation for evaluating

IEEE Sensors Journal, 2016,

et al. Nondestructive
field eddy-current
IEEE Transactions on Magnetics, 2011,
Differential sensor

multilayer structures[ J].

16(3) . 782-789.



250 %8 M ® ¥R 428
[14] YE C, UDPA L, UDPA S. Optimization and validation [20] #T, sk, FRE. BEHER I AL B &

of rotating current excitation with GMR array sensors for

riveted structures inspection [ J ]. Sensors, 2016,
16(9) : 1512.

XU Z, WANG X, DENG Y. Rotating focused field eddy-
current sensing for arbitrary orientation defects detection
in carbon steel[ J]. Sensors, 2020, 20. 2345.
KOYAMA K, HOSHIKAWA H, SAKON T. Study on
metal detection with electromagnetic induction probe
utilizing field [ J ].
Engineering in Japan, 2011, 177(4) . 1-11.
XIN J, TARKLESON E, LEI N, et al. Novel rotating
field probe for inspection of tubes[J]. AIP Conference
Proceedings, 2012, 1430(1) ; 358-365.
YE C, HUANG Y, UDPA L, et al.

current probe with GMR array sensors for steam generate

IEEE Sensors Journal, 2016,

rotating magnetic Electrical

Novel rotating

tube inspection [ J ].
16(12) ; 4995-5002.
XIN JJ, LEI N G, UDPA L, et al. Rotating field eddy
current probe with bobbin pickup coil for steam generator
tubes inspection[ J]. Ndt & E International, 2013, 54
45-55.

SOETB BRI R U5 FAT [ T]. OREAR 5 AR,
2019, (12): 17-22.
HAN N, ZHANG ZH J, YIN W L. Design of rotating

magnetic field array sensor and simulation of pipeline

defects [ J ]. Instrument Technique and Sensor,
2019(12) . 17-22.
EEE T
BREE R (Gl R 1E&) , 2005 4F TR B
T R2FAAFF 22,2007 AR F I EAL R K
\3‘3 AR, 2011 4R T AR 2 A

- PRI o, B v A R A (R AR ) #
e, 12, FEBIFETT 100 0 LR JC LR I AR 5 45
ey fet i M DB AR

E-mail; xiaokang. yin@ upc. edu. cn

Yin Xiaokang ( Corresponding author) received his B. Sc.
degree from East China University of Science and Technology in
2005, received his M. Sc. degree and Ph. D. degree both from
The University of Warwick in 2007 and 2011, respectively. He is
currently a professor at China University of Petroleum ( East
China). His main research interests include electromagnetic NDE

and SHM techniques.



